Abstract: SAA is an acute phase protein that elevates under inflammatory circumstance. The serum 11 level of SAA was associated with the progression of inflammation in numerous diseases. However,
Introduction
ONFH was widely known as a disabling and progressive skeletal disorder, lacking of effective 23 treatment, which can ultimately lead to total hip replacement [1] . The pathogenesis of ONFH remains 24 unclear. Previous studies indicated that progression of ONFH was correlated with ischemia, 25 reduction of osteogenesis, fat embolism which subsequently cause the femoral head collapse [2] .
26
Previous studies suggested the risk factors of ONFH, including glucocorticoid, alcohol, trauma, 27 smoking, various chronic diseases and genetic predilection, were still complicated [3] [4] [5] [6] [7] . In the light 28 of recent research, the pathogenesis of ONFH was linked with the severe degradation of bone 29 tissue [8] , the disruption of balance between osteogenesis and adipogenesis of BMSCs [9] [10] [11] and the 30 acceleration of osteoblast/osteocyte apoptosis [12] . However, the underlying molecular mechanism of 31 ONFH which has studied for years has not been completely elucidated yet. 
78
To examine the effect of SAA on the proliferative rate of rBMSCs, the CCK-8 assay was
79
performed at day1, day3 and day7. By comparison of the absorbance measured at 450nm, the ability 80 of SAA on promoting rBMSCs' proliferation was shown by Figure 3 . After 3 days' incubation with 81 variable concentration of SAA, the rBMSCs treated with 1μg/ml or 0.1μg/ml SAA showed more 82 intense proliferation comparing with the control group, rBMSCs treated with normal culture 83 medium. Furthermore, the proliferative rate of rBMSCs exposed to concentration gradient was 84 enhanced obviously at day 7. Additionally, the peak in the proliferative rate at day1, day3 and day7
85
was observed at the concentrations of 0.1μg/ml. Together, these results indicate that the proliferation 86 of rBMSCs is facilitated by SAA. 
155
In previous study, the adipogenesis and osteogenesis of BMSCs was proved to be a significant 
163
For osteogenic differentiation, Wnt/β-catenin signal pathway was considered as a mediator[50,
164
51]. The restraint of β-catenin expression, which is in line with GSK3β phosphorylation, inhibits ALP 165 activity and mineralization [52] . In this study, the inhibitory effect on osteogenesis of SAA was
166
initially assessed by using BCIP/NBT staining and alizarin red staining as qualitative determination.
167
And then the molecular mechanism of the inhibitory effect was probed and discovered that the 168 addition of SAA proteins down-regulated the phosphorylation of GSK3β, which repressed the expression of β-catenin from the downstream of the signal pathway. Simultaneously, the expression PCR results.
For adipogenic differentiation, the Wnt families are also vital mediators for BMSCs commitment phosphorylation of GSK3β and Erk1/2 proteins precipitate the up-regulation of PPARγ protein and 178 facilitate the adipogenic differentiation ultimately, which was demonstrated in this study.
179
Nevertheless, the expression of adipogenesis related genes, not only PPARγ but also aP2 and the patients and volunteers were summarized in the appendix A (Table A1) . 
236
4.1.6 Gel imaging
237
The silver-stained gels were then scanned by UMax Powerlook 2110XL (GE Amersham, UK) and 238 the spots patterns of the gels' images were matched using Image Master 2D system (Amersham 
251
4.1.8 Matrix-assisted laser desorption ionization time-of-flight mass spectrometry
252
The dried samples were dissolved in 2μl of 20% acetonitrile and added with the supersaturated
253
CHCA matrix solution of which the solvent was composed of 0.5% TFA and 50% acetonitrile after 
286
and treated with different concentration of SAA (0μg/ml, 1μg/ml, 0.1μg/ml and 0.01μg/ml). After a 287 certain time of co-culture, the toxicity and proliferation of cells was detected by CCK-8 kit (Beyotime,
288
China). At each time point (1day, 3days and 7days), the proliferative rate of rBMSCs was assessed 289 according to the manufacturer's instructions.
291

BCIP/NBT staining
292
To visualize the ALP activity, the BCIP/NBT staining was used. rBMSCs were seeded into a 24-293 wells plate at 1×10 5 . rBMSCs were cultured with osteogenic induction culture medium and incubated
294
with various concentration of SAA (0μg/ml, 1μg/ml, 0.1μg/ml and 0.01μg/ml) for 7 days. The culture 295 medium was renewed every 2 days. At the time point, the cells were washed with PBS and fixed with 296 4% paraformaldehyde for 20min at room temperature. Then the fixed cells were re-washed with PBS
297
for three times and treated with BCIP/NBT solution (Beyotime, China) light-resistantly for 1h at 37℃
298
. All the images were observed and acquired using a microscope (Leica, Germany) and a digital 299 camera (Canon, Japan). 
322
The rBMSCs cells were plated into a 6-wells plate and cultured until nearly 90% confluence.
323
After that, the cells were inducted with suitable culture medium (osteogenesis culture medium or 324 adipogenesis culture medium) and incubated certain concentration of SAA, as mentioned before, for 325 7 days. Subsequently, the proteins were collected from the combinations of cells lysis buffer,
326
phosphorylation inhibitor and proteinase inhibitor, of which the concentration was quantified using 
349
The expression of relative gene was normalized to β-actin. 
358
We demonstrated that SAA facilitated the proliferation of rBMSCs, promotion of adipogenesis 
